This paper describes the methodological optimization and validation of a simple micellar electrokinetic chromatography for the rapid simultaneous separation of 2-methyl-4-isothiazolin-3-one, methylparaben, ethylparaben, propylparaben, and butylparaben. By using a 30 mM phosphate buffer (pH 7.2) containing 30 mM sodium dodecyl sulfate (SDS), an applied voltage of 10 kV and a separation temperature of 40˚C, a quantitative determination was achieved, resulting in an analysis time of approximately 4 min. Only dilution and filtration are needed before analysis. The parameters for validation, such as linear ranges, detection limits, accuracy, and precision, are also reported.
Introduction
Micellar electrokinetic chromatography (MEKC), introduced by Terabe in 1984, is a mode of separation in capillary electrophoresis that is capable of separating uncharged species. 1 MEKC is a hybrid of reversed-phase liquid chromatography (RPLC) and capillary zone electrophoresis (CZE); the separation of species is based on hydrophobic and polar interactions, a partitioning mechanism, and electromigration. MEKC offers high efficiency, rapid analysis, small sample size, small solvent consumption, and versatility of incorporating chemical selectivity in the separation process.
The use of preservatives and antimicrobial agents in cosmetic products is necessary to prevent any alteration or degradation of the formulation through microbial contamination, and to protect the health of consumers. The common preservatives that have been widely used in cosmetic and pharmaceutical products are parabens or esters of 4-hydroxybenzoic acid. The use of small amounts of parabens minimizes the potential health hazards. Consequently, the quantitative analysis of parabens in cosmetic products is important.
Several analytical methods have been reported for the quantitative determination of parabens. These include gas chromatography (GC) [2] [3] [4] and liquid chromatography (LC). [5] [6] [7] [8] In GC methods, the derivatization of samples is required before injection. In LC, aqueous samples are injected onto a column without prior partition. Therefore, the solid and emulsified products that are often encountered in the analysis of cosmetics must be first converted into a liquid form before analysis. In addition, sample pretreatment requires numerous steps, including sonication with acids, centrifugation, filtration, mixing, heating, and solvent extraction. These processes are not only tedious, time-consuming, and uneconomical, but also lead to releasing a large amount of solvent waste, and may reduce the precision of quantitation.
Recently, microemulsion electrokinetic chromatography (MEEKC) 9 has been developed for the determination of parabens. However, the analysis time of the method is too long.
Although a variety of methods have been proposed to separate methylparaben (MP), ethylparaben (EP), propylparaben (PP), and butylparaben (BP), one that is simple, fast, inexpensive, and reliable and allows a simultaneous routine determination of these compounds is needed. Consequently, we describe a methodological optimization and a validation of the MEKC method that could be used to monitor the amounts of these compounds and 2-methyl-4-isothiazolin-3-one (2-M) in some commercial cosmetic products.
Experimental

Apparatus
A Hewlett-Packard 3D capillary electrophoresis system (Hewlett-Packard GmbH, Waldbronn, Germany) with a diode array UV detector was used to obtain all data. Data were collected on a HP Vectra VL5, 166 MHz personal computer using 3D CE Chemstation software. A 34 cm (effective length 25.5 cm) × 75 µm i.d. uncoated fused-silica capillary (Polymicro Technologies, Phoenix, AZ, USA) was used for all separations. The sample solutions were hydrodynamically injected at the anodic end of the capillary by using a pressure of 50.0 mbar for 3 s. Samples were detected using a diode array detector at 265 nm. The capillary was conditioned with 0.1 M NaOH for 3 min, deionized water for 2 min, and separation buffer for 4 min. All experiments were carried out using an applied voltage of 10 kV. A Beckmen pH meter (Beckman Instrument, Fullerton, CA, USA), equipped with a combined glass-Ag/AgCl electrode was employed for pH measurements.
Materials and reagents
All chemicals were of analytical grade, prepared using high resistivity (18 MΩ), deionized water, filtered using 0.45 µm filters, and degassed by sonication prior to use. Ethylparaben (EP), propylparaben (PP), butylparaben (BP), and 2-methyl-4-isothiazolin-3-one (2-M) were purchased from Sigma (St. Louis, MO, USA). Sodium dodecyl sulfate (SDS) was obtained from Fisher (Fisher Chemicals, Leicestershire, UK). Methylparaben (MP) was purchased from Supelco (Supelco, Bellefonte, PA, USA). Sodium dihydrogen phosphate and sodium tetraborate decahydrate were purchased from Fluka (Fluka Chemie GmbH, Buchs, Switzerland).
Methanol, phosphoric acid and sodium hydroxide were purchased from Merck (Merck KGaA, Darmstat, Germany).
Buffer solutions
The proper amount of surfactant was dissolved in a buffer solution of sodium dihydrogen phosphate and sodium tetraborate. The pH of the buffer solution was adjusted by the addition of NaOH or phosphoric acid.
Stock standard solutions and standard solutions
Stock standard solutions were prepared by dissolving preservatives in deionized water, and solutions at various concentrations were prepared by appropriate dilution from the stock solution when needed.
Sample preparations
After 1.00 g of lotions were accurately weighed and extracted with 6.0 mL of methanol separately for 20 min in an ultrasonic bath, the extracts were filtered through filter paper, and made up to 100.0 mL with deionized water. The sample solutions were directly injected into a CE capillary. 
Results and Discussion
Optimization Properties, like the buffer pH, buffer composition, buffer concentration, and temperature would affect the selectivity and efficiency of the MEKC method. To obtain an optimal pH of the buffer, four different pH values, namely 6.2, 7.2, and 9.2, were studied. Figure 1 shows the effect of the buffer pH, ranging from 6.2 to 9.2 in the presence of 30 mM SDS and 30 mM buffer on the separation. As can be seen, all of the analyte peaks could be resolved completely at all pH values, except at pH 9.2. In addition, the narrowest peak and the peak shape of all analytes were best at pH 7.2. Consequently, pH 7.2 was chosen as the optimized condition because of the sharper peaks and larger detection signal. Figure 2 shows the effect of the SDS concentration, ranging from 10 to 30 mM SDS in the presence of 30 mM phosphate buffer upon separation. It can be clearly seen that as the concentration of SDS was increased, the resolution increased. Furthermore, the peak shape of all analytes improved as the concentration of SDS was increased. According to this treatment, a SDS concentration of 30 mM was adopted in the optimized method.
The effect of the buffer concentration, ranging from 5 to 25 mM in the presence of 30 mM SDS, on the migration times and the resolution are shown in Fig. 3 . It can be seen that the concentration of phosphate had little effect on the signal of the analytes. While the resolution was improved with increasing the buffer concentration, the analysis time became longer. This is because the ionic strength of buffer solution increased with an increase of the concentration of phosphate buffer, which resulted in a decrease of electroosmotic flow (EOF) in the capillary. Consequently, the optimized concentration of the buffer was chosen to be 10 mM, since it presents a compromise between maintaining the buffer capacity of the buffer solution and the analysis time.
Temperature studies from 30 to 40˚C were performed to determine the optimized capillary temperature for separation. Figure 4 shows the effect of the temperature on the migration time. The results indicate that as the temperature of the capillary increases, the migration time decreases. This is because the buffer viscosity decreases with an increase of the capillary temperature. The results of the studies suggest a temperature of 40˚C for the optimized condition.
Method validation
Using the optimized conditions described above (a buffer of 30 mM SDS in 10 mM phosphate buffer at pH 7.2, a temperature of 40˚C, and hydrodynamic injection of 3 s at 50 mbar, an applied voltage of 10 kV), a series of injections of standard mixtures containing different concentrations of MP, EP, PP, BP, and 2-M were prepared to determine the linearity. The linear ranges, regression equations, correlation coefficients, and detection limits are summarized in Table 1 . The detection limits were determined at a signal-to-noise ratio of 3.
The precision of the migration times and the peak areas was evaluated by comparing electropherograms of the same standard mixture. The results of the precision of the migration times given in Table 2 indicate that the method is reliable.
Sample analysis and recovery
To establish the feasibility of using the proposed method for analysis of real samples, commercial lotion products were analyzed. The only sample pretreatment stage involved dilution and filtration of the sample through a 0.45 µm pore filter. Recovery experiments were performed in order to study the accuracy of the method. Known amounts of the analytes were spiked to the samples. The results of recovery and assay for lotion samples of the preservatives are given in Tables 3 and 4 
